The value of mass culture and liberation of indio w'nous entomophagous insects for control of insect pests is debatable. A satisfactory synthetic diet would greatly facilitate studies of the type needed to estab· lish the potential of this method of insect control. The objective of this study was to develop a synthel:ic diet for rearing Co/eomegi/la maC1l/ala. A knowledge 1 Portion of a dissertation presented by the senior author for 1 he Ilottor of Philosophy del(ree, Louisiana State University. Accepted for publication May 28, 1966. glycogen, huttcr fat, a !i\'e1' fraction, corn oil, hrewer's yeast, dextrosc, cotton leaf extract (carotenoids and sterols), ascorbic acid, salt mixture, vitamins, antibiotics, agar, and watcr.
of the biology and feeding habits of this species is basic for such a study. Forbes (1883) found that the guts of several coccinellids contained spores of fungi, aphids, mites, and pollen.
Fungus spores constituted the major part of the food in the species he studied. A COIllparative study on some aphid-feeding coccinellids. was carried out by Clausen (19] pollen, but eggs and larvae of beetles were found also in its gut. He concluded that this mixed diet apparently represents a transition stage, similar to that which occurred at the time predatory insects first arose from phytophagous insects. Thompson (1951) stated tllat predaceous insects have a high degTee of specificity in host relations; however, they may be less specific than parasites. Putman (1958) studied several coccinellids and stated that they fed primarily on aphids, except Coleomegilla (=Ceratomegilla), which was more or less phytophagous. Smirnoff (1958) was the first to rear coccinellids on a medium made from agar, sucrose, honey, water, royal jelly, alfalfa flour yeast, pulverized dry prey, and sometimes beef jelly. Smith (1960) stated that C. mawlata legni Timberlake fed on various pollens developed from 1st-instal' lan-ae to the adult stage, whereas other species failed. Szumkowski (195Ia) reported that C. maczdata showed no preference for aphids over moth eggs except when the latter had a protective covering oE hair scales. His field observations indicated tllat G. macl/lata and Oycloneda sangumea (L.) were effective egg predators of the fall armyworm, Spodoptera frugiperda (.T. E. Smith), and the cotton leafworm, Alabama argillacea (Hubner). Szumkowski (195Ib) (Vanderzant et a1. 1962) ; it was added to the bollworm diet developed by Berger (1963) . Vitamin E (tocopherols) exerts an absolute effect on the last nymphal stadium of the male of the house cricket, Acheta domesticus (L.), in which spermatogenic activity is disrupted in the absence of the vitam ill (Meikle and McFarlane 1965) .
NATURALDU:TS.-Materials alld iliethods.-The biology and feeding habits of C. maculata were studied in the laboratory at 27-33°C and 65-850/0 RH under continuous fluorescent light provided by 400-w, Cool '''Thite lamps giving 70 ft-c. Adults were collected from cottonfields in Baton Rouge, La., and vicinity .Jlily 10, 1962. Cotton ap~lids, APhis go~sypii GIO\:er; turnip aphids, Hyadaphls psel~dobrasslc~e.
(Da.vls); and corn leaf aphids, Rho!JlIlosl!J!tllm mazdls (Fitch) were provided for food. T~e adu!t beetles. w~re sexed, then pairs were placedm 12-plllt or l-pmt~ce (ream cartons covered wi th a petri dish. The a pluds were offered to the beetles on cotton leaves. The beetles usually oviposited on these leaves. The eggs were collected and held in 16x60-mm vials to hatdl.
Immediately after hat~ing~5 larvae were pl.aced in eadl of a 12-pim or I-pmt ICe cream carton WIth a petri dish cover and fed aphids until they pupated. When the adults emerged they were sexed and kept ill pairs in the cart0l!-s.. . Results.-Fresh mIlk was tned first as a dIet for the larvae. Drops of milk on wax paper were placed ill the rearing box. Different instars were teste~1. Neither the newly hatched larvae nor the larvae !11 later instal'S could develop on a fresh-milk diet. Most Ianae survived for about 4-7 days, depending on the instal', then died without any development. Survivors made normal growth if transferred to an aphid diet.
Larvae held singly in 12-pint ice cream Glrtons ami provided with stamens of cotton, which supplied an excess of pollen, did not survive although Smith (1961) found that G. maculata legni could develop on various pollens from Ist-instar larvae to the adult. The experiment was repeated 5 times with 5 larvae! replicate. All larvae died within 4 days.
Adult females provided with an excess number of cotton aphids consumed 5-11 aphids/hour with an a"erag'e of 7. The number of aphids consumed per adult per day of 35 specimens studied was 168±1l7.
Data from 13 replicates with 5 individuals/replicate show that the averag'e time in hours required for development was: egg stage 48±0; 1st larval instar 52:±:7; 2nd larval instal' 46± II; 3rd larval instar ·19±2; 4th larval instal' 96±26; pupal stag'e 72±O; premating period 180± 10; preoviposition period 252 ±2",. Percent survival was 75-90.
Cannibalism was severe in all 4 larval instal'S. Although cannibalism among adults was observed in the laboratory, it is probably of relatively little, if any, significance under field conditions. Partial incompatibility was observed in some pairs, which resulted in a low percentage of egg' viability. This condition was corrected by dlanging the male.
ARTIFICIAL DIETs.-1Uaterials an(llUethods.-Sixteen experimental diets were formulated on the basis of the chemical analysis of aphids and calf liver, using the techniques tllat have been used successfully in developing artificial diets for the boll weevil (Earle et a1. 1959) and for the bollworm (Berger 1963) .
The tedlllique for preparing the diets was: I. Half the amount of water required was placed in a 'Varing BlendOl..@ with all the ingredients except agar and mixed thoroughly for 3-4 min.
2. The other half was heated to boiling, tllen the agaT was carefully dissolved in it. The agar solution was tllen added to the mixture in the blender, which was operated at high speed for 1 12 min.
3. The diet was poured wh ile still hot into the containers, where it solidified. ., " . for rearing and handling the larvae. After preparing each diet, while still hot it was poured into the vials to a depth of J-1.5 em. These vials were kept III the refrig'erator at a temperature of about ]·C until used. The rearing temperature was 27±2·C and 25% RII. A 50-w incandescent bulb provided a continuous Jig'ht source. The adults were placed in a J-pint carton with a vial of food and a vial of distilled water plugged with ahsorbent COttOIl. For purposes of holding the adults; as many as 20 were kept ill 1 box (Fig. I) . The fe-· males rareJy oviposited under these conditions. 3-29 mostIy on the sides of tIle feeding tube (Fig. 2) or all the media.
The eggs had to be removed promptIy after deposition to prevent the adults .£roẽ ating them. They were removed £ro.m the OVIPOS]' tion cages at 2-hr periods and held un.tIl the)' hatch.ed. Newly emerged larvae were. placed smgly m feedmg vials that were plugg'ed WltIl. nonabsorbent cotton. The vials were held together With a rub be! ba.nd and placed upside down to reduce the con.tamll?atlOn: .decay, and desiccation of the diet; also III thiS positIOn the feces of the larvae would accumulate on tIle cotton plug, instead of the diet (l'ig: 3). Sometimeĩ t was necessary to change the feedlllg tube .once 01 twice because tIle medium decayed or dned. out. Trials were made to rear 2 or more larvae III 1 tube, but 1 always fed on the others. After tI~e larvae completed their development tIley pupated III tIle vials, then emerged as adults. Adults of the same a~e were removed from the vials and kept together III boxes with food and water. To keep large numbers (more than 100) Y2-gal cartons with a glass cover }'IG. 2.-Eggs laid on the side of a feeding tube. Magnification X25. were used; a 5-cm-diam petri dish full of food and a vial of water were placed in the cage (Fig. 4) . The food and water were changed e\'el'y 4-7 days. Under the~e conditions tIle adults fed and mated but did not lay eggs. larvae were very slow in de\·elopment. Most deaths occurred either immediately before or during molting.
Some larvae (not shown in Table 2 ) were reared in groups of 5 in lO-cm petri dishes. At the end of the 1st instal' they became inactive, then after a day or 2 became cannibalistic.
An a\'erage of 2 out of 5 survived to the 2nd instal'. Usually 1 of the larvae fed 011 the others, then died in the 3rd or 4th instal'. In 1 case a larva pupated and transformed to an adult with a deformed tarsus. It died after 1 day.
Adults obtained from larvae reared on liver and ;'phids then transferred immediately after emergence 10 Diet 1, fed and survived for 45 days without laying eggs. Mating seldom occurred. After 45 days the experiment was discontinued. "'Then 4 adults were held together in I-pint boxes cannibalism frequentJ.y occurred, especially when the adults were of different ages, e.g., 3 adults 2 days old fed on I adult I day old.
Diet 2.-Diet 2 was similar to Diet 1 except that 5 g-of casein were used instead of 15, and 200 g of fresh pork liver were added. Larvae were placed in individual vials. The vials were changed every 4-5 days because of contamination with microorganisms. The larvae and adults were of normal size; larvae were slightly less tanned than normal.
The adults were normally tanned. The tendency for cannibalism during the larval stages was less than in Diet 1. Decay of the diet appeared to be responsible for death of some larvae. The larvae completed development in 12 days on an average, compared with 10 days when reared on the cotton aphid. Adults reared on this diet mated rarely. In most cases the female rejected til(' male and sometimes tried to bite him. Even when the adults (regardless of sex) were feeding on fue diet beside each other and I of them moved its leg, the other beetles would bite the moving leg. The females did not oviposit until their abdomens became ('oJ. 59> No. ;-distended with eggs, and it seemed that they were forced to oviposit. In contrast, the females fed on an aphid diet laid eggs before the abdomen was distended with eggs. The percentage of egg hatch varied from 50 to ] 00 and averaged 80.
Diet 3.-Diet 3 was the same as Diet 2 except that 15.0 g of soybean hydrolyzate was substituted for the pork liver, and ratios of the ingredients were altered slightly.
High mortality during larval development was observed.
Most of the 4th-instal' larvae did not pupate.
But when they did pupate high mortality occurred duril]g pupal development.
The adults emerging were very weak and undersized. They died within] or 2 days after emergence. One adult had a deformed tarsus. No adults survived for more than 2 days regardless of diet. When 4th-instal' larvae were fed on Diet 3, undersized adults were produced which survived.
Diet 4.-This diet had the same constituents as Diet \ except that 10 g of casein were used instead of 5 g 109 of soybean hydrolyzate were used instead of 15 g, and 25 g of chicken liver were added. Decay of the diet was a problem. Adults produced on it were normal in size and behavior.
Copulation readily occurred. Egg laying was average compared with indidduals feel on aphid diets.
Diet 5.-This diet differed from Diet 4 by substitution of 4 g of glycogen for the 25 g of fresh chicken liver, casein enzymatic hydrolyzate for casein, and reduction of sucrose from 4 g to 3. Although more satisfactory than Diet 3, it was inadequate. Diet 6.-Diet 6 was similar to Diet 5 except that 15 g of casein were used instead of 10 g of casein enzymatic hydroy]zate, 5 g of soybean hydrolyzate were used instead of 10 and 1 g of yeast extractive was added.
Except for high mortality during the 1st instar this diet appeared to be better than any previous diet without fresh liver. Improvement may have been due to adding the yeast extract and lowering the amount of soybean hydroylzate, whid] proved to have a toxic effect at high concentrations.
Diet 7.-This diet was similar to Diet 6 except for the addition of 25 g of fresh dlicken liver. It was orig'inally designed to increase the experimental population, since the culture was being lost at this point and was adequate for larvae and adults. Larvae fed and developed normally on it.
Adults had an average size, copulation occurred readily, and females laid eggs. The egg color was similar to that from females fed on aphids. The percentage of hatd] averaged 83. Diet 8.-Diet 8 was similar to Diet 5 except for the addition of I g yeast extract and 0.1 g sorbic acid for inhibiting growth of microorganisms.
Adults fed on this diet laid few eggs and, as in other diets containing soybean hydrolyzate in the concentration used, an apparent toxic effect on larvae was observed.
Diet 9.-This diet was similar to Diet 6 except that 0.1 g sorbic acid was added and the ascorbic acid was reduced from 0.5 to 0.1 g. It was similar to Diet 6 for brval development.
Adults fed on this diet, but copulation rarely occurred and females laid few eggs.
Diet 10.-This diet resembled Diet 6 except for an increase in the amount of distilled water and agar and the addition of 0.1 g sorbic acid. It was similar to Diet 9 except for the use of 160 IllI of distilled water instead of 140 ml. ·1 g of agar instead of 3, and 0.5 g of ascorbic acid instead of 0.1 g.
It proved to be quite suitable for adults. Feeding', mating, and egg-laying were better than on any other diet not containing liver. It did not support adequately larval development.
Larvae developed on this diet until the 3rd instal' when most of them died. About 5% of the lanae colltinued de\'e1opment to form undersized adults.
Diet H.-Diet 11 resembled Diet 10 except for substi tution of 5 g of "liver fraction 2" for 5 g of the ca~ein.
[t was adequate for larvae and adults hut not so satisfactory as Diet 7, which contained fresh chicken liver.
Diet 12.-In this diet the following ingredients were eliminated: casein, potassium hydroxide, '\Ves-son's salt, dlOline chloride, ascorbic acid, soybean hydrolyzate, cholesterol, inositol, yeast extract, and liver fraction 2. The following were added: wheat germ. liver extract I :20, pollen, and cottonseed oil. The amounts of vitamin solution, butterfat and agar were increased.
Liver extract used was a powdered ] :20 concentrate of liver containing' appreciable quantitie, of the identified water soluble and B complex factors.
Pollen was collected by honey bees. This diet allowed about 10'/0 of the larvae to complete deve]opment, but adults did not feed well on it.
Diet l3.-Use of liver fraction L, a solubilized drv concentrate containing the alcohol insoluble fract;o,\ of liver, was the major change in this diet.
Starting with Diet 13 the data for development of larvae ill different instal'S were discontinued since there was no considerable advantage in takin/l; such data. Instead, data were taken for number of larvae. number of adults, and time required for development only .
•\dults fed readily on it, copulated, and the females laid egg-so It was considered reasonably satisfactory (Table 3) . Diet ] 4.-The major difference between this and Diet 13 was substitution of liver extract for liver fraction L and elimination of pollen. .\dults fed readily on it, copulated, and laid eg/l;s. However, the color of the eg'gs was abnormal in comparison to the color of the egg's laid by females fed all an aphid diet. The eggs were yellow instead of orange. Results are summarized in Table 3 .
Diet IS.-This diet was similar to Diet 14 except for substitution of 140 g homogenized fresh chicken eggs for the I g of Brewer's yeast and Liver fractioll "L" instead of liver extract concentrate.
There was no significant difference between Diet] 4 and Diet 15; however, microbial growth was more of a problem in the latter.
Diet 16.-The final and most satisfactory of the diets tested differed from all others mainly by the addition of an extract from 50 cotton leaves.
The cotton-leaf extract (carotenoids and sterols) 
